Rhinoviruses are the agents most frequently isolated from adults with mild upper respiratory tract illness (2, 7, 19) . More than 70 serologically distinct strains have been identified by the neutralization technique (7, 9, 19, 28) . The rhinovirus have been classified with the enteroviruses in the family of picornavinrses on the basis of their small size (diaenter of 30 mp or less), ether resistance, and ribonucleic acid (RNA) composition (29) . Rhinoviruses differ from the enteroviruses, however, by being labile at pH 3.0 to 5.0 (14) . There is one report of the density of a rhinovirus strain being "that of poliovirus (1.3)" (4) .
Other than this one report, little is known of the density of the rhinoviruses. It was considered important to determine this property to better understand the relationship of rhinoviruses to other picornaviruses, and to obtain information which might be helpful in preparing multivalent vaccines for prevention of mild upper respiratory tract disease caused by these agents. We were also interested in determining the density of the antigens from infected tissue culture which fix complement with specific antiserum. This report will describe preliminary studies of two rhinovirus strains, with the use of modifications of concentration and density gradient techniques previously used for the study of enteroviruses (3, 16) .
MATERALS AM METHODS
Virus strains. Strain 52992 of echovirus 28 was isolated from a throat swab specimen obtained from a marine recruit with upper respiratory illness at Camp Lejeune (2, 13) . This strain was isolated in diploid fibroblast (TCD6o) . The bottles were then observed daily for cytopathic effects (CPE), which were generally complete by the 3rd to 4th day. The cells and fluid were then frozen and thawed three times, and the contents of 8 to 12 bottles were pooled and clarified by centrifugation at 2,000 rev/min for 20 min at 4 C in an International PR 2 centrifuge. The supernatant fluid, which constituted the starting material, was stored at -20 C.
Concentration of virus. A 1-ml amount of octyl alcohol was added for each 500 ml of starting material, and 10-fold concentration was achieved by flash evaporation in vacuo at 25 C. Concentration of 1,000 ml required an average of 1.5 to 2 hr. The final pH of the evaporated material was 8.5. This material was centrifuged in a PR 2 International centrifuge at 2,000 rev/min for 20 min at 4 C. The supernatant fluid was then centrifuged at 93,000 X g for 3 hr at 4 C. The pelleted material was resuspended in phosphate-buffered saline (pH 7.2) to 1/40th of the original volume. This material was then sonically treated in a Raytheon sonic oscillator (250 w) for 10 to 15 min at 10 kc.
Density gradient centrifugation. A 6.6-ml amount of the sonic-treated material was mixed with 5.4 ml of a saturated solution of cesium chloride (density, 1.9) and 3 Reed and Muench (21) . In certain instances the plaque technique was used to assay infectivity. This always followed a preliminary infectivity assay in which four roller-tube cultures of human diploid fibroblast were used for each decimal dilution. Based upon this titer, a single dilution calculated to contain 20 to 30 plaque-forming units (PFU) was used to inoculate three human diploid fibroblast petri dish cultures. The mean number of plaques on the three replicate petri dish cultures was used to calculate infectivity titer. An agar overlay was used which contained 400 mg of diethylaminoethyl (DEAE)-dextran per ml.
Samples of the original tissue culture harvest material, flash-evaporated specimens, resuspended pellet, and supernatant fluid after ultracentrifugation were also assayed for infectivity.
Complement-fixation (CF) test. A 1:5 dilution of each fraction was made in phosphate-buffered saline. These were placed in cellulose tubing and dialyzed overnight at 4 C against isotonic sodium chloride solution to eliminate anticomplementary effects of cesium chloride. The CF test was performed with 0.025-ml volumes of antigen and antiserum in microtiter plates, by use of 1.7 units of complement and 4 units of antibody (26) . The sera were: NIH Reference Reagent monkey antiserum (echovirus 28-2060) made by inoculating virus grown in monkey kidney tissue culture into monkeys, and rabbit antiserum for type 1 poliovirus kindly supplied by Leon Levintow (24) . Neither serum fixed complement with a suspension of uninfected KB cells. All values were expressed in CF units per milliliter. The reciprocal of the highest dilution which produced 75 to 100% fixation was considered as the number of CF units in 0.025 ml.
RESULTS
Density of the virion and CF antigens of echovirus 28. To determine the density and CF activity of the virion and of other virus-specific antigens, it was necessary to concentrate a large amount of infected tissue culture fluid to a convenient working volume. A 1-liter amount of infected tissue culture fluid with a titer of 106 2 infectious particles per milliliter was concentrated 10-fold by flash evaporation. In the experiment shown in Table 1 , this procedure resulted in an approximate threefold loss of infectivity, and a one-third loss of CF activity. A 30-fold loss in infectivity occurred during centrifugation at 93,000 X g for 3 hr, whereas no loss in CF activity was noted. This suggests that a significant proportion of the virions were rendered noninfectious by our method of sedimentation; however, particles so affected still fixed complement in the presence of specific antibody. In addition, a significant quantity of CF antigen was detected in the supernatant fluid. This suggests that particles other than the virion (empty capsids or capsomeres) were present in the supernatant fluid.
The resuspended pellet was then mixed with cesium chloride and albumin and subjected to density gradient centrifugation. We had previously determined that echovirus 28 was stable in cesium chloride, but, to insure stability, a 10% solution of human or bovine serum albumin was added. Fractions of 0.5 ml were removed from the gradient by the drop collection method. After centrifugation at 110,000 X g for 70 hr at 4 C, 18% of the input infectivity was recovered from the gradient. As shown in Fig. 1 , the peak infectivity was present in fractions of density 1.39 and 1.42. The infectivity of the peak frac- CF activity was recovered in two peaks: approximately 30% (or 1,200 CF units per ml) was associated with the infectivity peak, and 60% (or 2,400 units per ml) was present in two fractions with an average density of 1.30. Approximately one-half of the input CF activity was recovered from the gradient (Table 1) . Figure 2 illustrates the results obtained during a confirmatory experiment with echovirus 28. Fractions in this experiment were collected by the drop method in volumes of 0.25 ml; 99% of the infectivity was present in three fractions of density 1.38, 1.42, and 1.44, the average density being 1.41. The infectivity tifers were 10 8 to 104 8 PFU per fraction. The CF activity was present in two peaks-one associated with the infectivity peak (16% = 800 CF units per ml) and the other (75% = 3,200 CF units) detected in two fractions with densities 1.29 and 1.31 (average, 1.30).
Uninfected HEp-2 tissue culture control material was concentrated and centrifuged in a cesium chloride gradient, by use of the same procedure outlined above. None of the density gradient fractions fixed complement with the echovirus 28 monkey antiserum used in these experiments.
Density of the virion and CF antigens of HGP. The density of a number of enteroviruses in cesium chloride has been found to be approximately 1.34 (Table 2) . For this reason, we decided to determine the density of another rhinovirus (HGP) to ascertain whether echovirus 28 was unusual in having a high density in cesium chloride. The same procedure outlined for echovirus 28 was carried out with HGP virus. After density gradient centrifugation, 0.25-ml fractions were collected; 99% of the infectivity was recovered in three fractions of densities from 1.38 to 1.43 (Fig. 3) . The maximal infectivity was in a fraction with a density of 1.41. A second experiment with HGP virus yielded similar results.
CF activity was determined with heterotypic hyperimmune antiserum (echovirus 28), because homotypic antiserum with CF antibodies was not available. CF activity was recovered in three fractions of density 1.28 to 1.31 (average, 1.30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
DIscussIoN
Rhinoviruses and enteroviruses constitute the major subgroups of the family of picornaviruses (11) . The observation that rhinoviruses are labile at pH 3.0 to 5.0, whereas enteroviruses are stable in this pH range, has been used as the basis for separating these two subgroups (14, 29) . Until now, acid lability has been the only unique biophysical property of the rhinovirus subgroup of picornaviruses. This report describes another biophysical property that may distinguish rhinoviruses from enteroviruses. The two rhinoviruses studied, echovirus 28 and HGP, had a density of 1.41 g/ml, in cesium chloride, whereas all reported enteroviruses have a density of 1.32 to 1.36 g/ml in this medium (Table 2; 5, 6, 8, 12, 16-18, 20, 23) . This difference in density should be confirmed and extended to include other rhinoviruses and enteroviruses before it can be said to represent a basic biophysical difference.
The estimates of rhinovirs density obtained in these experiments were based upon analyses of virus concentrates containing only 3% of the original virus infectivity. During subsequent experiments in which approxinately 50% of the virus infectivity was recovered after concentration, the same density (range, 1.39 to 1.41 g/ml) was obtained for the echovirus 28 virion. For this reason, the values reported in this paper probably represent reliable estimates of the density of the original viral population rather than that of a minority population of stable particles.
The difference in densities between the two rhinoviruses studied and a number of enteroviruses may represent differences in nucleic acid or protein content. Since these viruses consist of RNA and protein, an increased percentage of RNA could result in a higher density (31) . However, a difference in density may represent a different degree of interaction between viruses of these two subgroups and cesium chloride. The binding of water and cesium ions by vimses is known to alter their densities (31) . In this regard, it is of interest that the density of poliovirus in cesium chloride (1.34) is very close to its calculated hydrated density (1.32), indicating that there is no appreciable binding of cesium ions (23) . Experiments involving isopycnic banding in other density gradient materials and direct chemical analysis of purified rhiiioviruses are required before the basis for the high density of these viruses can be understood.
The high density recorded for the two rhinovirus strains (1.41) is quite close to the density of foot-and-mouth disease virus (FMDV) in cesium chloride (1.43) (27) . This, coupled with the fact that this virus is also labile at pH 3.0 to 5.0, suggests the possibility that rhinoviruses are more closely related to this subgroup of picornaviruses than to the enterovirues (1) . Further investigations should be carried out to determine whether other relationships exist which may permit these subgroups to be classified together.
As noted above, a considerable loss of infectivity occurred during the concentration procedure. In contrast, less CF activity was lost during the various stages of concentration and density gradient centrifugation. The major loss of infectivity occurred during centrifugation of the flash-evaporated suspension at 93,000 X g. In the suspension concentrated by flash evaporation, approximately 50% of the CF activity was associated with particles which sedimented at 93,000 X g (3 hr). The remainder of the CF activity was associated with particles having a lower sedimentation coefficient. Possibly the latter activity represents capsomeres or capsomere subunits produced in excess by infected cells or released from virions disrupted during the course of flash evaporation and centrifugation, or both.
In the density gradient studies, only those particles which sedimented at 93,000 X g (3 hr) were analyzed. Assay of the fractions from the gradient indicated that CF activity of the echovirus 28 suspension was associated with particles of two distinct densities. One peak of activity was associated with the virion at a density of 1.41 g/ml, whereas the other peak had a density of 1.30 g/ml. Less than 1% of the total infectivity was recovered in the lighter peak, the density of which corresponds to that of most proteins in cesium chloride. Possibly the activity at the lower density represents empty capsids or capsomeres separated from capsids during gradient centrifugation.
Antibodies in echovirus 28 monkey antiserum reacted in CF tests with both the dense (1.41 g/ml) and less dense (1.30 g/ml) antigens of the homologous virus. In contrast, the serum reacted only with a corresponding light (1.30 g/ml) antigen of the heterotypic HGP virus. CF activity was not detected in association with the virion, but it is unlikely that this failure can be attributed to insufficient material, since the HGP virus preparations contained approximately the same quantity of infectious virus and less dense CF antigen as did the echovirus 28 preparations. This suggests that the dense and less dense antigens may exhibit a different specificity, the latter being group-specific, whereas the former is type-specific. Such differences in serological specificity have been observed for "infectious bottom component" and "noninfectious top component" of a number of different enteroviruses and FMDV (10, 15, 25, 30) .
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